Abstract. Three apple varieties, Atlas, Grstaa, and Dolgo, were studied for their suitability for juice production and for the effect of polyphenols and added ascorbic acid on the juice quality.
Material and methods
The varieties studied were Atlas, Erstaa, and Dolgo, of which Atlas is an ordinary apple variety ( Malus malus) of Canadian origin while Erstaa and Dolgo are hybrids of ordinary apple and crab apple (M. baccata). All these varieties are rather winter hardy and give rich and even yields yearly (Leskinen & Talvia 1969) .
Two samples of apple juice were prepared of each variety and to one of these ascorbic acid, 100 mg/100 gof apples, (cf. Skorikova & Lyasenko 1968) was added during milling to prevent enzymatic browning. The juices were prepared on a pilot scale with a hydraulic press. After pressing the juices were pasteurized and bottled. In addition, four samples of opalescent Atlas-juices were prepared in laboratory scale and ascorbic acid was added to these juices as follows: sample 1, 100 mg/100 ml immediately after pressing, samples 2 and 3, 100 mg/100 ml one hour after pressing, whereafter sample 2 was stored closed
and sample 3 open; sample 4 was a control sample without any addition.
The acid total was determined electrometrically according to AOAC and the sugar (actually soluble solids) refractometrically. The specific gravity was determined with a pycnometer. The ascorbic acid was determined by the method of Robinson et al. (1945);  amyl acetate extraction according to Erkama (1946) was used, however. Organoleptic tests were made using the scoring system of Koch (1956 a) omitting the scores based on appearance and chemical analysis. The colour of the apple juices was measured as optical density at 420 |xm (Johnson et al. 1969) . Before the colour measurements the juices were clarified by centrifugation for one hour at 13 000 rpm.
The polyphenols were extracted from the juices with hot ethyl acetate (Duggan 1967) , after which they were transferred to an aqueous phase (Swain & Hillis 1959 ) and concentrated for quantitative determinations. From the apples the polyphenols were extracted with boiling 90 per cent methanol. After an addition of water, extraction was continued as described for juices. The extractions and concentrations were performed in a nitrogenous atmosphere to prevent polyphenol oxidation.
The totals of the polyphenols, flavanols and proanthocyanidins (leucoanthocyanidins) were determined by the methods described by Swain & Hillis (1959) . In the first two determinations (±)-catechin was used as reference compound and in the third the »per-simmon leucoanthocyanidin» curve of Joslyn & Goldstein (1964) was used as standard.
Chlorogenic acid was determined by the method of Hett & Lehmann (1966) . Polyphenolase activity determinations were made by the method of Ponting & Joslyn (1948) .
Results and discussion Table 1 shows the results of the juice analyses and ascorbic acid determinations. The specific gravity, total acidity, soluble solids and acid-sugar ratios increase in the order Atlas, Erstaa, and Dolgo, the values of Dolgo being considerably higher than those of Atlas and Erstaa. The addition of ascorbic acid leads to a decrease in the specific gravity and the soluble solids, and to an increase in the total acidity and the acid-sugar ratio. Furthermore, it appears that the retention of ascorbic acid is fairly good and is independent of the apple variety and the initial ascorbic acid content. It is not clear to what extent it would be possible to decrease the amount of added ascorbic acid necessary for the prevention of browning while leaving the usually desired ascorbic acid level (35 mg/100 ml) ') Calculated on the basis of ml 0.1-n NaOH (first column) and per cent malic acid (second column). (Bauernfeind 1958 ) during storage. In this case the ascorbic acid losses are assumed to be due to manufacturing because the analyses were performed within two weeks after processing. The influence of storage on ascorbic acid retention was not investigated.
In respect of their acid-sugar ratios, the Atlas and Erstaa juices can be classified as very good juices if judged by the scale suggested by Koch (1956 b) The Atlas and Erstaa juices were considered to be better than the Dolgo juices. However, the taste of Dolgo juice was found to be unusual but interesting. Moreover, the juices without added ascorbic acid were preferred to the juices with ascorbic acid addition as can be seen below. The lowest scores given here are somewhat misleading because all the juices were considered good and the scores depend on the series to be tested. Furthermore, the taste panel was not accustomed to light apple juices resulting from ascorbic acid addition. However, the light apple juices were preferred to the dark brown ones when the juices prepared in laboratory scale were tested. The addition of ascorbic acid during milling was able to stop the initial browning. If ascorbic acid was added one hour after pressing when the juices had darkened considerably, the colour of the juice turned somewhat lighter and no more browning occurred.
This lighter colour remained, irrespective of whether the juices were stored closed or open for 5 days. In this case it was thus possible to stabilize the juice colour fairly well, and the light brownish juices were in fact preferred both to the light juices (juice 1) and to the dark brown juices (juice 4).
The polyphenol content of the apples and the juices is shown in Table 2 . It can be seen that the apples had a considerably higher polyphenol content than the respective juices, and the values for juices with an addition of ascorbic acid were twice as high as without added ascorbic acid. Table 2 also shows the total polyphenol losses including losses due to manufacturing and oxidative browning which are calculated on the basis of 55 per cent juice yield. Chlorogenic acid losses, however, are based on the initial amounts in the apples because of the high solubility of chlorogenic acid. The greatest total losses occurred as may be expected (Johnson et al. 1969) in the proanthocyanidins, and after these in flavanols and the smallest in chlorogenic acid.
Total losses of proanthocyanidins and flavanols were greater in the Erstaa and Dolgo juices than in the Atlas juice. This is due to the greater losses during the manufacturing in the Erstaa and Dolgo varieties, which can be seen in every group of polyphenols. The reason for the losses in Erstaa and Dolgo being so pronounced may be found in the small apple size which causes retention of polyphenolic compounds in the press cake.
The evaluation of the losses due partly to manufacturing and partly to oxidation presented in Table 2 is necessarily only approximate because it was impossible to prevent wholly the initial oxidation in the pilot scale. Some of the oxidative losses are included in the manufacturing losses.
T a b l e 2.
P o l y p h e n o l c o n t e n t s and t o t a l , m a n u f a c t u r i n g , The oxidative losses are greatest in the Atlas juices in respect to all types of polyphenols except chlorogenic acid. This can be explained by the great polyphenolase activity in Atlas apples. The ratio of polyphenolase activity was found to be 10: 6: 1 in Atlas, Erstaa, and Dolgo, respectively. Moreover, the content of proanthocyanidins and flavanols the most readily oxidizable substrates for polyphenolase (Voigt 1964; Johnson 1969) is the highest in the Atlas juices. The second greatest losses in respect to proanthocyanidins and flavanols might be expected in Erstaa because it showed the second highest polyphenolase activity.
However, Dolgo juices had twice as high proanthocyanidin and flavanol losses as Erstaa juices. This is probably due to the greater amount of proanthocyanidins in Dolgo juices. Flavanol concentrations are almost the same in Erstaa and Dolgo juices but in Dolgo there are nevertheless greater losses, which may be due to the interference of proanthocyanidins in the flavanol determination because here, in addition to catechins, also proanthocyanidins are assayed (cf. Swain & Goldstein 1964) .
The chlorogenic acid losses were greatest in Erstaa juice. This may be explained by the lack of more readily oxidizable substrates leading to oxidation of chlorogenic acid (Voigt 1963 ). This reaction is not so rapid and does not cause as intense a brown colour as do proanthocyanidins and catechins, as stated by Voigt (1963) . Respectively, chlorogenic acid losses in Atlas and Dolgo juices are smaller because these varieties have enough of other substrates to be oxidized. Table 2 also shows the polyphenol content and losses of juice No. 4 prepared in the laboratory scale. It can be seen that oxidative losses increase greatly when oxidation and browning respectively are in progress.
The polyphenol losses especially the losses of proanthocyanidins and flavanols were also found to correlate with the degree of browning measured as optical density at 420 pm. It is not known whether this correlation is linear because the reddish colour in Dolgo juice caused an absorption maximum at 500 pm which interfered with the colour measurements at 420 pm.
Thus, the browning of apple juices is not only affected by the polyphenolase activity and the amount of phenolic compounds, but also by the type of polyphenols. In this respect the role of proanthocyanidins is of great importance.
